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OBJECTIVE: Persons with HIV infection develop metabolic
abnormalities related to their antiretroviral therapy and HIV
infection itself. The objective of this study was to summarize
the emerging evidence for the incidence, etiology, health risks,
and treatment of dyslipidemias in HIV disease.

DESIGN: Systematic review of original research with
quantitative synthesis.

MAIN RESULTS: Dyslipidemia is common in persons with
HIV infection on highly active antiretroviral therapy
(HAART), but methodologic differences between studies
preclude precise estimates of prevalence and incidence. The
typical pattern includes elevated total cholesterol, low-density
lipoprotein cholesterol, and triglycerides, which may be
markedly elevated. The dyslipidemia may be associated with
lipodys-trophy, insulin resistance, and, rarely, frank diabetes
mellitus. Exposure to protease inhibitors (PIs) is associated
with this entire range of metabolic abnormalities. PI-naive
patients on nucleoside reverse transcriptase inhibitors (NRTIs)
may develop lipodystrophy, insulin resistance, hyper-
cholesterolemia, and possibly modest elevations in
triglycerides but not severe hypertriglyceridemia, which
appears to be linked to PIs alone. Most studies have not
found an association between CD4 lymphocyte count or HIV
viral load and lipid abnormalities. The pathogenesis is
incompletely understood and appears to be multifactorial.
There are insufficient data to definitively support an increased
coronary heart disease risk in patients with HIV-related
dyslipidemia. However, some of the same metabolic
abnormalities remain firmly established risk factors in other
populations. Patients on HAART with severe hyper-
triglyceridemia may develop pancreatitis or other
manifestations of the chylomicronemia syndrome. Some of
the metabolic derangements (particularly hyper-
triglyceridemia) may improve upon replacing a PI with a non-
nucleoside reverse transcriptase inhibitor. The limited
experience suggests that fibrates, pravastatin, and
atorvastatin can safely treat lipid abnormalities in HIV-
infected patients.
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CONCLUSIONS: Patients with HIV infection on HAART should
be screened for lipid disorders, given their incidence,
potential for morbidity, and possible long-term cardio-
vascular risk. Treatment decisions are complex and must
include assessments of cardiac risk, HIV infection status,
reversibility of the dyslipidemia, and the effectiveness and
toxicities of lipid-lowering medications. The multiple potential
drug interactions with antiretroviral or other HIV-related
medications should be considered in lipid-lowering drug
selection and monitoring.
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ighly active antiretroviral therapy (HAART), in com-

binations including protease inhibitors (PIs), has
achieved sustained suppression of HIV replication and
reduced morbidity and mortality rates in patients with
advanced HIV infection.'™ For many patients, HIV
infection has become a chronic disease, requiring long-
term management strategies and greater attention to
disease prevention issues. In terms of coronary heart
disease (CHD) risk, many of these patients develop
dyslipidemia, which may be associated with insulin
resistance, glucose intolerance, and fat redistribution.*®
This constellation of metabolic abnormalities has been
termed the HIV-related lipodystrophy syndrome. The
pathogenesis is unknown but appears to be multifacto-
rial, involving interactions between host genetic factors,
HIV infection, and antiretroviral drugs. While estimates of
prevalence vary widely, up to 50% of patients with HIV
infection develop 1 or more features of the syndrome,*®
putting them at risk for complications of severe hyper-
triglyceridemia, psychological morbidity, and possibly
accelerated atherosclerosis and CHD. In managing these
metabolic disturbances, physicians face the difficult
decision to alter antiretroviral therapy, often despite
sustained HIV viral suppression, or to initiate pharmaco-
logic treatment.

In this article, I review the emerging evidence for the
characteristics, incidence, etiology, CHD risks, non-
cardiac complications, and treatment of dyslipidemias in
HIV disease and offer an approach to evaluation and
management.
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METHODS
Review Process

I searched the MEDLINE database from 1985 to April
2002 and the AIDSLINE database from 1985 to December
2000, combining the MeSH heading “HIV” with the head-
ings “hyperlipidemia, cholesterol, triglycerides, lipodystro-
phy, diabetes mellitus, insulin resistance, glucose
intolerance, or coronary disease.” I also reviewed the
reference lists of the retrieved articles. I included any
article that reported primary data on lipid abnormalities in
patients with HIV infection. Because this is a rapidly
evolving field and, for many clinical questions, the evidence
is limited to case series or small observational studies, I
chose not to exclude any articles on methodologic grounds.
Rather, I noted methodologic limitations in the text and
tempered my inferences and recommendations accord-
ingly. I excluded newsletter articles and abstracts of
conference proceedings because of the lack of peer review
and access to detailed reports of the studies. My synthesis
was strictly qualitative, since the individual studies were
too clinically heterogeneous and methodologically variable
to justify a quantitative summary of the data.

RESULTS

My review included 93 published articles, including 17
case reports or case series, 14 cross-sectional studies, 26
cohort studies, 13 trials, and 10 biochemical or physiologic
studies.

Characteristics, Predictors, and Prevalence of
Dyslipidemia in Patients with HIV Infection

In the pre-HAART era, the few studies examining lipid
levels in patients with HIV disease focused on lipid levels as
markers of chronic inflammation. Investigators document-
ed depressed total cholesterol and low-density lipoprotein
(LDL) levels in patients with early disease and predomi-
nantly modestly elevated triglycerides in patients with
advanced HIV infection.”"® High-density lipoprotein (HDL)
cholesterol was lower in patients with lower CD4 lympho-
cytes and more immune activation.®

In recent years, clinicians observed elevated choles-
terol and often markedly elevated triglyceride levels in
HIV patients maintained on HAART. The dyslipidemia
was often associated with other metabolic abnormalities,
including insulin resistance and lipodystrophy, charac-
terized by accumulation of visceral fat, an enlarged
dorsocervical fat pad, and atrophy of subcutaneous fat
in the face, buttocks, and extremities. This constellation
of findings has been termed the HIV-related lipodystro-
phy syndrome. In many ways, it resembles the rare
congenital and autoimmune disease-related lipodystrophy

syndromes.'°

Association with HAART, Including Pls. Several case
reports’1™!* and cross-sectional studies'®!° found an

association between PI exposure and hypercholes-
terolemia and hypertriglyceridemia. In one of these
studies, the same differences persisted after following the
patients for 2 years.® In addition, many pre-post
longitudinal studies found higher cholesterol and
triglyceride levels in patients after they started taking Pls
(Table 1). Many of these reports included PI-exposed
patients with severe hypertriglyceridemia (>1,000 mg/dL).
Compared to other Pls, ritonavir was associated with a
higher rate of hypertriglyceridemia.? 92!

All of the studies that examined cholesterol fractions
found significantly higher LDL levels in patients exposed
to PlIs.*15202223 Three of the 4 studies that document-
ed HDL cholesterol showed lower HDL cholesterol values
in Pl-exposed patients, but none of the differences
achieved statistical significance.'®>!72° Hypoalphalipo-
proteinemia would be expected, since it is associated
with hypertriglyceridemia.

In addition, several investigators determined predic-
tors of dyslipidemia in multivariate analyses of longitudinal
data. In a b5-year retrospective cohort study, PI use
(incidence rate ratio [IRR] = 6.1), baseline triglycerides
(IRR = 2.9), and baseline hyperglycemia (IRR = 3.4) were
independently associated with hypertriglyceridemia.®
Hypercholesterolemia was associated with PI use
(IRR = 2.8) and also with nucleoside reverse transcriptase
inhibitor (NRTI) regimens not including PIs (IRR = 2.5).
Notably, HIV RNA levels, CD4 cell count, and weight
change were neither predictors of hyperlipidemia nor
confounders of the relationship with PIs. In another
longitudinal study, which examined time-dependent fac-
tors in a multivariate analysis, the initiation of PIs was a
strong independent predictor of hypertriglyceridemia.?*
And finally, Vergis et al. demonstrated that adherence to
a PI-containing HAART regimen was associated with a
greater likelihood of developing elevated LDL cholesterol
and severe (>800 mg/dL) hypertriglyceridemia.?®

Association with NRTIs in Pl-naive Patients. Although the
above studies clearly suggest a role of protease inhibitors in
the etiology of the HIV-related lipodystrophy syndrome, the
fat redistribution has been observed in Pl-naive patients
taking various combinations of NRTIs.?*®! And in a
randomized trial, there was a higher incidence of
lipodystrophy in patients receiving ritonavir, saquinavir,
and stavudine than in patients taking the 2 Pls alone.®?
In 2 multivariable analyses of cross-sectional and
longitudinal data,®33 the use of several NRTIs persisted
as an independent risk factor for lipodystrophy, but did not
in a third.® Among the NRTIs, stavudine had the strongest
and most consistent association with fat redistribution in
many of these studies.

The association between NRTIs and dyslipidemia is
less clear. A small cross-sectional study found higher
triglyceride levels in patients taking stavudine.?® In a
prospective but uncontrolled study, Galli et al. followed
335 PI-naive patients taking 2 NRTIs for a median exposure
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of 748 days. Ten percent of patients developed total
cholesterol levels >250 mg/dL, and 23% developed triglyc-
eride levels >200 mg/dL.3° Exposure to stavudine in this
cohort was associated with an increased risk of developing
hypertriglyceridemia. However, 3 longitudinal controlled
studies did not find association between NRTIs and
hypertriglyceridemia.?242° In one of these cohort studies,
patients had an increased risk of lipodystrophy upon the
initiation of any HAART regimen, but developed hyper-
triglyceridemia only after exposure to PIs.2® In another,
NRTI exposure was associated with the development of

hypercholesterolemia but not hypertr'iglyceridemia.5

Association with Non-nucleoside Reverse Transcriptase
Inhibitors in Pl-naive Patients. None of the non-nucleoside
teverse transcriptase inhibitors (NNRTIs) have been
definitely implicated in the development of dyslipidemia
or any component of the HIV-related lipodystrophy
syndrome. Most of data on NNRTIs comes from “switching
studies” (see reversibility section below), in which NNRTIs
were substituted for PIs in patients with dyslipidemia. In a
cross-sectional study of 351 patients referred for
dyslipidemia, total cholesterol was higher in patients on 1
NRTI, 1 NNRTI and a PI than in patients on 2 NRTIs and a
PL.'® There was no difference in triglyceride levels.

Additional Associations with Dyslipidemia. In terms of
additional predictors (beyond HAART regimens) of
dyslipidemia, studies consistently identify nutritional
factors but vary in finding associations with HIV status
factors. Nonetheless, a few well-conducted analyses did not
find associations with indicators of HIV infection status,
such as CD4 lymphocyte count or HIV viral load.??43° In
addition, several studies found a correlation between fat
redistribution and lipid disorders!6-34-35
no difference in lipid metabolism in patients with or
without lipodystrophy.36-37

while others found

Prevalence and Incidence of Lipid Disorders. 1t is not
possible to derive a precise incidence of dyslipidemias
from these studies, since they used different observation
periods, cut-off values for “hyperlipidemia,” and definitions
of “lipodystrophy,” and included patients with lipid
disorders at baseline. Using 200 to 240 mg/dL as a
threshold for “hypercholesterolemia,” prevalence rates
range from 33% to 82% in patients on Pls.!5:16:20:38 The
prevalence range for triglycerides >200 to 250 mg/dL was
43% to 66%.15:16:23.38

Only 2 studies collected incidence data. Tsiodras et al.
determined a 24% b5-year cumulative incidence rate of
hypercholesterolemia (>240 mg/dL) and a 19% incidence
of hypertriglyceridemia (>500 mg/dL) in patients on
HAART, with most of these events occurring after the
initiation of PI therapy.® And in a 2-year longitudinal study,
Galli et al. found a 10% incidence of hypercholesterolemia
(>250 mg/dL) and a 23% incidence of hypertriglyceridemia
(>200 mg/dL) in PI-naive patients taking 2 NRTIs.>°

Similarly, estimates of the incidence of fat redistribu-
tion vary widely, depending on study methodology. Two
studies found a greater risk of developing fat redistribution
in women.*°*® While one can demonstrate insulin resist-
ance and impaired glucose tolerance (by glucose tolerance
tests) in many of these patients, the prevalence of frank
diabetes mellitus is low.* 1640

In summary, while many of these studies suffer from
the limitations of retrospective record review or confounding
differences between study groups, several themes emerge.
Dyslipidemia is quite common in HIV-infected patients
taking HAART. The characteristic pattern is elevated total
cholesterol, elevated LDL cholesterol, and elevated triglyc-
erides, including severe hypertriglyceridemia in some
patients. In the longitudinal studies, the lipid changes
occurred within 3 months (and often sooner) of initiating
antiretroviral medications and pre-dated the onset of fat
redistribution. The evidence clearly supports an association
between PI exposure and dyslipidemia. NRTIs may be
associated with hypercholesterolemia and possibly milder
hypertriglyceridemia, but studies report conflicting data.
While some studies find an interrelationship between
lipodystrophy and lipid abnormalities, others find an
independent association between Pls, in particular, and
hypertriglyceridemia.

Pathogenesis of Dyslipidemia in Patients with
HIV Infection

Several pathophysiologic models have been proposed
to explain the development of dyslipidemia in HIV-
infected patients, involving several proposed interactions
between the virus, antiretroviral therapies, and host
factors.*'™® In one model, PIs, through various proposed
actions, cause increased activity of sterol regulatory
element-binding protein (SREBP), which alters adipocyte
differentiation (contributing to lipodystrophy) and reduces
leptin levels.*® In hepatocytes, SREBP induces lipogenic
genes, which leads to increased hepatic very-low-density
lipoprotein production. The increased lipid levels and
reduced leptin levels, in turn, cause insulin resistance,
which further activates SREBP, thus perpetuating the
cycle.

PIs may inhibit several proteins involved in lipid
metabolism and adipocyte regulation, including LDL
receptor-related protein and cytoplasmic retinoic acid-
binding protein-1, which share a high degree of homology
with PIs’ catalytic site.*! However, emerging in vitro data
suggest a more complicated mechanism, since different PIs
have differential effects on these systems.*%*° Additionally,
PIs inhibit pre-secretory proteasomal degradation of nas-
cent apolipoprotein B, the principal protein component of
triglyceride and cholesterol-rich lipoproteins.®® Interest-
ingly, PI-induced dyslipidemia is not unique to HIV-
infected patients, since transient lipid abnormalities have
been reported in HIV-negative persons taking HAART
(including PIs) for post-exposure prophylaxis.®!
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The role of NRTIs in the HIV-related lipodystrophy
syndrome has been attributed to mitochondrial toxicity®2
but this hypothesis has been challenged.?® Regarding the
effects of HIV infection itself, cytokine activation appears to
influence lipid metabolism. The decrease in cholesterol in
early infection, in one study, was not related to cytokine
levels, but the later development of hypertriglyceridemia
was correlated with interferon o levels.® Host genetic
factors also play a role, as shown by differences observed
among patients with different apolipoprotein E***% and
apolipoprotein C-1II polymorphisms.®* And finally, while
the HIV-related lipodystrophy syndrome shares some
clinical features with Cushing’s syndrome, it cannot be
explained by abnormalities in the hypothalamic/pituitary/
adrenal metabolic axis.28-5%

Coronary Heart Disease Risk in Patients with HIV
Infection and Dyslipidemia

Several cases of “premature CHD” have been reported
in HIV patients with dyslipidemias associated with
HAART.?®%%! However, most of these patients had 1 or
more other established CHD risk factors, including smok-
ing, diabetes mellitus, hypertension, cocaine use, or male
gender and age greater than 45 years. In a cross-sectional
study, HIV-infected individuals had more femoral or
carotid artery atherogenic plaques than controls. Again,
however, the cases had a higher proportion of traditional
cardiovascular risk factors.®? One study documenting
endothelial dysfunction in HIV patients taking PIs provides
indirect pathophysiologic evidence of an increased risk of
CHD.%® In non-HIV-infected patients, endothelial dysfunc-
tion is a marker for CHD,®* predicts future CHD events,
and responds to lipid-lowering therapy.®®

In the only published epidemiologic study, investiga-
tors retrospectively analyzed a cohort of 4,993 HIV-infected
patients treated at one hospital from 1983 to 1998.%” They
found a higher incidence of myocardial infarction between
1995 and 1998, which corresponds to the introduction of
HAART. The association with HAART persisted in a multi-
variable analysis, but, with the exception of age, traditional
CHD risk factors were not included in the model.

Given the paucity of data, we must extrapolate from
studies in the general population. Elevated LDL choles-
terol, decreased HDL cholesterol, and a high cholester-
ol:HDL ratio are clearly associated with an increased risk of
CHD. However, hypertriglyceridemia, the most prominent
feature of dyslipidemia in HIV-infected patients, has not
been conclusively established as an independent risk factor
for CHD. Even the 2 most recent analyses found conflicting
results. One study found a relative risk of 1.1 for men and
1.4 for women,®® while another found no independent
association.%?

Considering the entire combination of metabolic dis-
turbances, the HIV-related lipodystrophy syndrome shares
many features with the more common “metabolic syn-
drome,” which includes hypertension, abdominal obesity,

insulin resistance, and “atherogenic dyslipidemia.” Athero-
genic dyslipidemia refers to the triad of high triglycerides,
low HDL cholesterol, and small, dense LDL particles. HIV-
infected patients with fat distribution, in one study, were
more likely than matched controls to exhibit features of the
metabolic syndrome.®® And in a small metabolic study, 5
HIV-infected patients on HAART had a reduced ratio of
large to small LDL particles compared to 6 healthy
controls.”’® Several studies have shown an increased
incidence of CHD events in non-HIV-infected populations

with the metabolic syndrome.”*"2

Complications of Hypertriglyceridemia in Patients
with HIV Infection

Extremely high triglyceride levels (>1,000 mg/dL) are
usually associated with fasting chylomicronemia and can
cause the “chylomicronemia syndrome,” which includes
acute pancreatitis, abdominal pain with normal pancreatic
enzymes, dyspnea, memory loss, lipemia retinalis, and
eruptive xanthomata.”® In addition, non-alcoholic steato-
hepatitis is associated with hypertriglyceridemia but can
also been seen in patients with normal lipids. In HIV
patients on protease inhibitors with extremely high triglyc-
erides, clinicians reported cases of pancreatitis”* and
lipemia retinalis,”® both of which resolved with discontinu-
ing the PI and initiating lipid-lowering therapy.

Clinicians attributed respiratory failure in 1 patient
with obstructive lung disease to the central adiposity of the
HIV-related lipodystrophy syndrome.’® Finally, some
patients suffer significant psychological morbidity related
to their body habitus changes.

Reversibility of Lipid Abnormailities after Switching
Antiretroviral Medications

Studies of the reversibility of lipid abnormalities,
including trials and observational studies, are listed in
Table 2. In addition, 2 case reports described the lipid
changes after PIs were discontinued because of complica-
tions of hypertriglyceridemia. In a man with pancreatitis,
triglycerides decreased from 5,957 mg/dL to 2,234 mg/dL
2 weeks after discontinuing all antiretroviral agents,
including ritonavir.”* Triglycerides decreased from 4,684
mg/dL to 2,414 mg/dL in another man with pancreatitis
and lipemia retinalis after discontinuing ritonavir and
saquinavir.”®

The inconsistency of these studies precludes definite
conclusions about the reversibility of features of the HIV-
related lipodystrophy syndrome. Nonetheless, the majority
of studies showed a decrease in triglycerides upon replac-
ing a PI with a NNRTI (nevirapine or efavirenz), a NRTI
(abacavir), or another PI (nelfinavir). Hypercholesterolemia
and fat redistribution, in contrast, tended to persist despite
discontinuation of PIs. Discontinuing stavudine, the most
consistently implicated NRTI, decreased triglycerides but
not cholesterol in one observational study.”” Of note, 1
reviewer cites 3 research abstracts (unpublished to date)
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that showed no change or an increase in triglycerides upon
replacing a PI with efavirenz.”®

Effectiveness of Pharmacologic and
Nonpharmacologic Treatment

While low-saturated-fat diets and weight loss (if obese)
are recommended for most patients with hypertriglycer-
idemia, little is known about the effect of these interven-
tions in HIV patients. Furthermore, many of these patients
have already lost weight from the lipoatrophy associated
with this syndrome. In 1 series of 20 HIV patients on
protease inhibitors, the mean triglyceride level decreased
by 21% (337 to 266 mg/dL) after an unspecified diet and
exercise program.’® Diet had little effect on lipids in
another small study.®°

The few studies of pharmacologic treatment of dyslipi-
demias in HIV patients on protease inhibitors are summa-
rized in Table 3. There were no cases of myositis or
rhabdomyolysis reported in these studies. In addition, 1
group reported 77% and 84% reductions in triglycerides in
2 patients treated with fenofibrate.®! From this quite
limited experience, it appears that fibrates safely effect
large reductions in triglycerides in patients with HIV (50%
or more in patients with severe hypertriglyceridemia).
Atorvastatin and pravastatin affect more modest reduc-
tions in triglycerides and lowered cholesterol by 16% to
25%.

Treatment of Fat Redistribution in Patients with
HIV-related Lipodystrophy

In preliminary studies, patients on metformin®? and
recombinant human growth hormone®® gained weight and
lost some visceral abdominal fat. In a group of non-HIV-
infected patients with lipodystrophy syndromes, treatment
with troglitazone resulted in an increased proportion of
body fat without an increase in visceral fat.®* Overall, these
are early small studies showing modest benefits of uncer-
tain clinical significance, and we must await larger trials.
At this point, however, it seems to make sense to use
metformin or a thiazolidinedione for the small proportion of
patients with HIV-related lipodystrophy who require phar-
macologic treatment of lipodystrophic diabetes. Finally,
there is a single report of successful liposuction of a
dorsocervical fat pad in a man who developed lipodystro-
phy on HAART.®5

Approach to Patients with
HIV-related Dyslipidemia

Evaluation. The prevalence of lipid disorders in patients on
HAART is high enough to justify screening. The Adult AIDS
Clinical Trial Group Cardiovascular Disease Focus Group
(AACTG) recommends obtaining a fasting lipid profile
before initiating antiretroviral therapy and repeating it
within 3 to 6 months.®® Once discovered, the evaluation of
dyslipidemia, as in any patient, should include a

consideration of the etiology of the lipid disorder and an
assessment of overall cardiac risk. Most patients will have
etiologies in addition to HIV-related lipodystrophy
syndrome, including other secondary causes (diseases
and drugs), inherited metabolic disorders, and lifestyle
factors. Secondary causes should be treated or eliminated
if possible. Improving glucose control in patients with
diabetes, in particular, can affect dramatic reductions in
triglycerides®” in non-HIV-infected individuals. Among the
inherited syndromes, only the lipoprotein lipase disorders
and familial dysbetalipoproteinemia can result in the
severe (>1,000 mg/dL) hypertriglyceridemia seen in many
HIV-infected patients. Persons with the other genetic
disorders develop moderate hypertriglyceridemia (200 to
500 mg/dL), unless they also acquire a secondary disease
or drug exposure.”>

Extrapolating from the general population, cardiac
risk can be estimated by the Framingham Heart Study
formula.®® The level of CHD risk should guide the intensity
of therapy. This is especially important in primary
prevention, which involves interventions in disease-free
individuals.

Specific lipid goals for patients with HIV infection have
not been established. The AACTG suggests applying the
National Cholesterol Education Program (NCEP)®° guide-
lines, which recommend setting LDL targets on the basis of
cardiac risk. In their third report, the NCEP identified the
metabolic syndrome, triglycerides (accounted in “non-HDL
cholesterol”), and HDL cholesterol as secondary targets,
reflecting accumulating evidence of their contribution to
CHD risk. For patients with “very high triglycerides (greater
than 500 mg/dL),” the NCEP recommends initially target-
ing therapy to lower triglycerides before turning to LDL to
further assess CHD risk. In this case, the CHD risk-based
targets for “non-HDL cholesterol” are set 30 mg/dL higher
than the LDL targets.

Therapeutic Decision Making. Patients with severe
hypertriglyceridemia (>1,000 mg/dL) are at risk for
pancreatitis and other complications and require
triglyceride-lowering treatment. Lipid-lowering therapy in
other patients should be directed toward cardiovascular
risk reduction. Since this benefit may accrue only in the
long term, clinicians should reserve this intervention for
patients with high CHD risk and a favorable HIV-related
prognosis, which can be predicted from CD4 cell count and
HIV viral load based on a population-based analysis of
mortality rates among therapy-naive patients starting
HAART.®°

Once the decision to treat is made, clinicians face the
difficult choice of either altering the HAART regimen,
hoping to reverse the lipid disorder, or initiating pharma-
cologic therapy. Close communication and consultation
with an HIV specialist is critical in the decision-making
process. In the previous sections, I have reviewed the
evidence base for the considerations involved in this
complex decision (Table 4). There is no right answer to
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this question, given the limited data at present. In many
cases, the goal of continued HIV virus suppression will
drive the decision making. Thus, in a patient with an
undetectable viral load who has failed several antiretroviral
medications and is otherwise tolerating her HAART,
clinicians will be reluctant to alter the antiretroviral
regimen, despite its possible metabolic complications. In
this circumstance, early initiation of pharmacologic lipid-
lowering therapy makes sense. In contrast, the devel-
opment of dyslipidemia in a patient experiencing additional
adverse effects of his first HAART regimen may tip the
scales toward switching antiretroviral medications as the
first step. In this case, substituting a NNRTI for a PI may
lower serum triglycerides. Of course, HIV viral rebound will
occasion a change in a patient’'s HAART regimen. In this
case, this risk of metabolic consequences should weigh in
the selection of new antiretroviral medications. Finally,
patients’ preferences remain especially important in this
decision, given the level of uncertainty.

Lipid-lowering Therapy. As summarized above, there are
very little data on dietary interventions in HIV-infected
persons. Nonetheless the NCEP ‘“therapeutic lifestyle
diet”®® represents a reasonable recommendation in that it
poses little risk and can achieve modest reductions in lipids
in other populations. Calorie restriction, however, should be
recommended with caution in patients already losing
weighed from severe lipoatrophy. The limited published
experience in HIV-infected patients shows the effectiveness
and safety of fibrates and 2 HMG Co-A reductase inhibitors
or “statins” (atorvastatin and pravastatin). For more
information on lipid-lowering efficacy, CHD risk reduction,
adverse reactions, and drug interactions, we must
extrapolate from clinical studies in non-HIV-infected
patients and pharmacokinetic studies of antiretroviral and
lipid-lowering drugs.

Fibric acid derivatives (fibrates) effect large reductions
in triglycerides and raise HDL cholesterol in patients with
severe hypertriglyceridemia.®’®® In this setting, LDL
cholesterol may remain unchanged or even rise with
fibrates. However, this may be balanced by a shift toward
larger LDL particles, which may be less atherogenic.%*9°
Niacin also substantially lowers triglycerides, raises HDL,
and lowers LDL cholesterol. In a recent trial comparing the
2 drugs in patients with HDL <40 mg/dL and triglycerides
<400 mg/dL, niacin (2,000 mg/day) provided a greater
increase in HDL (26% vs 13%), while gemfibrozil effected
greater reduction in triglycerides (40% vs 29%).9® Niacin
has more adverse effects, including hepatitis (more likely
with some sustained-release forms)®”°® and insulin
resistance,”® which is an issue in patients with lipodys-
trophic diabetes. Finally, fish oil can reduce triglycerides,
but its use is limited by an unpleasant aftertaste, eructa-
tion, weight gain, and possible LDL cholesterol elevations.

For HIV-infected patients without severe hypertriglyc-
eridemia, CHD risk reduction is the goal of lipid-lowering
therapy. Extrapolating the general population, several

trials have shown a reduction in CHD events over a fairly
wide spectrum of patients treated with statins.'®® Statins
remain the most effective drugs for LDL cholesterol low-
ering. While less potent than fibrates or niacin, they do
lower triglycerides in a dose-dependent fashion that follows
their potency for LDL lowering.!°’ Among the statins,
pravastatin and atorvastatin are the most likely to avoid
dangerous drug interactions with PIs, as described below.

In addition to effectiveness, one must consider impor-
tant toxicities and interactions between lipid-lowering and
HIV-related medications in these patients. The risk of
clinically significant myopathy (creatine kinase elevated
>10 times normal with symptoms) in patients treated with
statins as monotherapy is low (<0.5%).'°% The risk
increases if a statin is combined with a fibrate. Early
studies of the combination of lovastatin and gemfibrozil
found a risk of 5%.'°% In more recent studies using lower
doses and different statins, investigators found a lower risk,
suggesting that statins and fibrates can be safely combined,
if necessary, in patients with normal renal, hepatic, and
thyroid function.'®*'%” Cerivastatin was recently with-
drawn from the market as a result of several cases of
rhabdomyolysis, renal failure, and fatality, occurring mostly
in patients who were also taking a fibrate or who were
predisposed to myopathy from other medical conditions.
Nonetheless, this remains a relatively rare event.'%®

Drug interactions that raise statin levels are of
particular concern in patients with HIV infection. Most
statins, with the exception of pravastatin, which undergoes
sulfation, are metabolized by the 3A4 isoform of the
cytochrome P-450 system (CYP-3A4).'%° (Fluvastatin
appears to be metabolized by CYP-2C9 in addition to
CYP-3A4.) Drugs that inhibit this enzyme, listed in Table 5,
may result in increased statin levels, leading to myopathy
and, rarely, rhabdomyolysis.!'® All of the protease inhibi-
tors inhibit CYP-3A4, with ritonavir representing the most
potent inhibitor.!'!"!!2 In a pharmacokinetic study that
combined several statins with ritonavir, simvastatin levels
were increased by a factor of 32, atorvastatin levels were
increased by a factor of 4.5, and pravastatin levels were
decreased by a factor of 0.5.!!! Clinicians recently reported
a case of rhabdomyolysis in a patient taking cerivastatin in
combination with gemfibrozil and indinavir.''® In the
limited published experience in HIV patients, there were
no cases of myopathy in a total of 49 patients taking a
protease inhibitor and either pravastatin or atorvastatin
and 19 patients taking a protease inhibitor, atorvastatin,
and gemfibrozil.”9-80-114.115

Regarding other antiretroviral drugs, nevirapine
induces CYP-3A4, and efavirenz may inhibit or induce this
enzyme, depending on co-administered drugs. The NRTIs
are eliminated by the kidneys and thus do not interact with
other drugs through the cytochrome P-450 system.

Finally, bile acid-binding resins, in general, should be
avoided in patients with HIV-related dyslipidemia because
they elevate triglyceride levels and interfere with the
absorption of other medications.''®
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Table 4. Decision-making Considerations in Patients with
HIV-related Dyslipidemias

Considerations

Health risks (cardiac and non-cardiac) associated with the
patient’s dyslipidemia and other metabolic derangements

Status of the patient’s HIV infection

Reversibility of the metabolic derangements with discontinuing
of offending antiretroviral medications

Effectiveness, other adverse effects, and tolerability of the
current antiretroviral regimen

Availability, potential effectiveness, and potential adverse
effects of alternative antiretroviral medications

Safety, efficacy, and cardiac risk reduction with nonpharma-
cologic and pharmacologic lipid-lowering treatments

Patient preferences

Conclusion

Dyslipidemia is common in persons with HIV infection.
The typical pattern in patients on HAART includes elevated
total cholesterol, elevated LDL cholesterol, and elevated
triglycerides, including severe hypertriglyceridemia in
some patients. The lipid abnormalities may be associated
with insulin resistance, glucose intolerance, and lipody-
strophy, characterized by truncal obesity, enlarged dorso-
cervical fat pad, and lipoatrophy of the face, buttock, and
extremities. Exposure to Pls is clearly associated with this
entire range of metabolic abnormalities. PI-naive patients
on NRTIs may develop lipodystrophy, insulin resistance,
hypercholesterolemia, and possibly modest elevations in
triglycerides, but not severe hypertriglyceridemia, which
appears to be linked to PIs alone. NNRTIs have not been
implicated in these metabolic derangements. Fat redis-
tribution and dyslipidemia are correlated in patients on
HAART, but PIs, in particular, may also cause hypertrigly-

Table 5. Drugs that Affect the CYP3A4 Enzyme'%- 1!

CYP3A4 Inhibitors CYP3A4 Inducers

Efavirenz
Nevirapine
Barbiturates
Carbamazepine
Phenytoin
Rifabutin
Rifampin
Troglitazone

Protease inhibitors
Efavirenz
Delavirdine
Erythromycin
Clarythromycin
Cyclosporine
Itraconazole
Fluconazole
Ketoconazole
Fluoxetine
Fluvoxamine
Paroxetine
Nefazodone
Sertraline
Verapamil
Diltiazem
Zafirlukast
Grapefruit juice*

* Inhibits CYP3A4 in the gut but not in the liver.

ceridemia directly in patients without lipodystrophy. Most
studies have not found an association between CD4
lymphocyte count or HIV viral load and lipid abnormalities.
The pathogenesis is incompletely understood and appears
to be multifactorial.

There are insufficient data to definitively support an
increased CHD risk in patients with HIV-related dyslipide-
mia. However, some of the same metabolic abnormalities
remain firmly established risk factors in other populations.
Patients on HAART with severe hypertriglyceridemia may
develop pancreatitis or other manifestations of the chylo-
micronemia syndrome. Finally some patients with severe
lipodystrophy suffer psychological morbidity from the body
habitus changes. Some of the metabolic derangements
(particularly hypertriglyceridemia) may improve upon
replacing a PI with an NNRTI, such as nevirapine or
efavirenz. However, this cannot be anticipated with cer-
tainty. The limited experience suggests that fibrates,
pravastatin, and atorvastatin can safely treat lipid abnor-
malities in HIV-infected patients.

Patients with HIV infection on HAART should be
screened for lipid disorders, given their incidence, potential
for morbidity, and possible long-term cardiovascular risk.
Treatment decisions are complex and must include assess-
ments of cardiac risk, HIV infection status, reversibility of
the dyslipidemia, and the effectiveness and toxicities of
lipid-lowering medications. The multiple potential drug
interactions with antiretroviral or other HIV-related medi-
cations should be considered in lipid-lowering drug selec-
tion and monitoring.

Many persons with HIV infection (and their physicians)
are turning their attention to emerging chronic disease and
prevention issues as they live longer and suffer less
morbidity. While the complexity of antiretroviral therapy
increasingly requires involvement by HIV specialists, the
evaluation and management of their lipid disorders may
justify an increased role for the general internist in their
care.

The author wishes to thank Drs. Sylvio Inzucchi, Patrick
O’Connor, and Eric Holmboe for their thoughtful reviews of
this manuscript.
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